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Description 

The present invention relates to a backlighting de- 
vice according to the preamble of claim 1 . The present 
invention relates in particular to a backlighting device 
for liquid-crystal panels that illuminates transmissive or 
semi-transmissive panels from the rear side. 

According to the document GB-A-2 165 631 there 
is known a generic backlighting device for use with dis- 
played panels, said device including a thin transparent 
light-transmitting base plate, a light diffusing layer 
formed on a front surface of the base plate and a light 
reflection surface formed in the vicinity of the rear sur- 
face of the base plate. The base plate and the light dif- 
fusing layer are integrally bonded together through an 
intermediate layer formed between the base plate and 
the light diffusing layer. 

The further document IBM Technical Disclosure 
Bulletin, Vol. 33, No. 9, February 1 991 , pages 261 - 262, 
"High efficiency backlight for LCD" discloses a back- 
lighting device for use with display panels, in which a 
microprism plate is provided on the upper surface of a 
light guide in orderto change the direction of light beams 
coming from said light guide. The direction-change light 
beams are then converted by a thin scattering film po- 
sitioned on the micro prism plate to form light beams 
having a strong intensity distribution. 

From the prior art there is known also a backlighting 
device disclosed in the document JP-A-21 76 629 com- 
prising a light source installed on one flank of a light 
transmission body, the one side of which is covered by 
a reflecting layer, and the other side of which having a 
projection satinized surface substantially parallel to the 
surface of the reflecting layer. 

Thin liquid-crystal displays provided with a back- 
lighting mechanism that allows easy viewing of informa- 
tion on the screen are used with recent versions of lap- 
top or book type word processors and computers. The 
backlighting mechanism in common use adopts a "sin- 
gle lamp edge lighting" method in which a linear light 
source such as a fluorescent tube is provided at one end 
portion of a transmissive light conducting plate as shown 
in Fig. 1(a), or a "dual lamp edge lighting" method in 
which a linear light source such as a fluorescent tube is 
provided at two end portions of a transmissive light con- 
ducting plate as shown in Fig. 2(a). As shown in Figs. 1 
(b) and 2(b), one surface of the light conducting plate 
operating on those edge lighting methods is often cov- 
ered partially with a light diffusing material and the thus 
covered area is almost entirely covered with a light dif- 
fusing/reflecting plate. 

In addition, as is often the case today, backlighting 
devices are driven with a battery and a further improve- 
ment in the efficiency of power to luminance conversion 
is desired. To meet this need, it has been proposed that 
a light reflector covering the linear source be provided 
with a reflecting plate having high reflectance or that the 
area of the light conducting plate partially covered with 



the light diffusing material be provided with a reflecting 
plate having high reflectance. 

The methods described above achieve some im- 
provement in the efficiency of power to luminance con- 
s version but it is still insufficient and an even better im- 
provement is desired. 

An object, therefore, of the present invention is to 
provide a backlighting device that has a high efficiency 
of power to luminance conversion and which hence is 
capable of achieving high luminance. 

This object is achieved by means of the combina- 
tion of the features defined in claims 1 , 2 and 3, respec- 
tively. Preferable embodiments of the invention are re- 
cited in the subclaims. 

The present inventors conducted various studies in 
orderto solve the aforementioned problems of the prior 
art and found that when a transmissive sheet having a 
multiple of structures of a specified kind was provided 
on the exit face of a transmissive material (light conduct- 
ing plate) given light diffusing ability, the directivity of 
light issuing from the exit face was enhanced to realize 
a backlighting device having a higher efficiency of power 
to luminance conversion in directions near a line 
dropped perpendicular to the exit face. 

It was also found that a light conducting plate given 
a specified kind of light diffusing quality could produce 
a uniform luminance distribution. 

According to an aspect, the present invention pro- 
vides a backlighting device for use with display panels 
that comprises a light conducting plate made of a light- 
transmissive material, one of the major faces of said 
light conducting plate being provided with a light diffus- 
ing capability and covered with a specular or light diffus- 
ing/reflecting plate, and a linear light source provided in 
proximity to the end portion of at least one side of said 
light conducting plate, characterized in that at least one 
sheet that is made of a light-transmissive material and 
that has a multiple of raised structures having straight 
ridgelines at minute intervals on the same side in such 
a manner that the ridgelines are substantially parallel to 
one another or at least one sheet that is made of a light- 
transmissive material and that has a multiple of pyram- 
idal or conical projections at minute intervals on the 
same side, said projections having portions of such a 
shape that the vertical angles are substantially the 
same, is provided on the exit face of the light conducting 
plate in such a way that the sides intersecting on the 
ridgelines or the projections face outward. 

According to another aspect, the present invention 
provides a backlighting device for use with display pan- 
els that comprises a light conducting plate made of a 
light-transmissive material and a linear light source pro- 
vided in proximity to the end portion of one or both sides 
of said light conducting plate, said light conducting plate 
having a light diffusing capability such as to produce a 
substantially constant haze value on the plate surface, 
all surfaces of said light conducting plate being covered 
with a light reflecting plate or film except at least on said 
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end portion of the side which is in proximity to the linear 
light source and on the exit face. 

In the following the invention is further illustrated by 
embodiments with reference to the enclosed figures. 

Fig. 1 (a) is a perspective view of a backlighting de- 
vice operating on the "single lamp edge lighting" 
method; 

Fig. 1 (b) is a cross-sectional view of the backlighting 
device shown in Fig. 1(a); 

Fig. 2(a) is a perspective view of a backlighting de- 
vice operating on the "dual lamp edge lighting" 
method; 

Fig. 2(b) is a cross-sectional view of the backlighting 
device shown in Fig. 2(a); 

Fig. 3(a) is a perspective view of a backlighting de- 
vice according to an embodiment of the "edge light- 
ing" method in which a light source is provided at 
an end portion of a light conducting plate; 
Fig. 3(b) is a cross-sectional view of the device; 
Fig. 4(a) is a perspective view of a backlighting de- 
vice according to another embodiment of the "edge 
lighting" method in which a light source is provided 
at both end portions of a light conducting plate; 
Fig. 4(b) is a cross-sectional view of the device. 
Fig. 5(a) is a perspective view showing a sheet hav- 
ing linear prism-like structures that is to be used in 
an embodiment of the present invention; 
Fig. 5(b) is a plane figure showing a sheet having 
triangular prism structures that is to be used in an 
another embodiment of the present invention; 
Fig. 5(c) is a cross-sectional view of the sheet 
shown in Fig. 5(b). 

Fig. 6 is a diagram showing how a luminance meas- 
urement was conducted to evaluate the perform- 
ance of the backlighting device of the present inven- 
tion; and 

Figs. 7 to 11 are graphs plotting the luminance dis- 
tribution curves obtained in Examples and Compar- 
ative Examples. 

Shown by 1 is the light conducting plate which may 
be made of any material that is capable of efficient light 
transmission, as exemplified by quartz, glass, light- 
transmissive natural or synthetic resins such as acrylic 
resins. To impart light diffusing ability to the light con- 
ducting plate, one may apply a light-diffusing material 
(indicated by 6 is Figs. 3(b) and 4(b)) to part of the plate 
surface. Examples of the light diffusing material include 
paints and printing inks that contain titanium white, mag- 
nesium carbonate, barium sulfate, magnesium oxide 
and other pigments that have higher refractive indices 
and diffusion reflectances than the material of which the 
light conducting plate is made. 

Paints and printing inks that contain silica or other 
materials that have refractive indices either substantially 
equal to or lower than those of the material of which the 
light conducting plate is made may also be used as long 



as silica or other materials have such a shape as to ef- 
fect optical light diffusion. 

Those light diffusive materials or silica or the like 
are screen-printed or otherwise printed in dots or strips 

5 on the surface of the light conducting plate. Alternatively, 
the intended light diffusing capability may be provided 
by roughening the surface of the light conducting plate 
and this can be accomplished by directly forming small 
holes or grooves in strips in the surface of the conduct- 

10 jng plate or by providing small projections on that sur- 
face. 

When imparting light diffusing quality to the con- 
ducting plate by one of the methods described above, 
the profile of that quality is preferably such that the den- 
is sity of the light-diffusing areas (e.g. the number of print- 
ed dots per unit area) will increase with the distance from 
the light source) and this is preferred from the viewpoint 
of a uniform luminance distribution. 

Shown by 4 is the linear light source. In a preferred 
embodiment, this linear light source is covered with a 
reflector 5 in such a way as to provide a certain clear- 
ance between the outer surface of the light source and 
the inner surface of said reflector. The reflector has a 
slit formed in the surface through which incident light 
from the linear light source is admitted into an end por- 
tion of the light conducting plate. The light source 4 is 
provided in proximity to at least one end face portion of 
the light conducting plate in such away that its central 
axis is substantially parallel to either end face of the light 
conducting plate. 

The above-mentioned "edge lighting" method is 
higher than a "under lighting" method, in which a light 
source is disposed under a transmissive light conduct- 
ing plate, in a light utilizing rate due to a following rea- 
son. Although it is possible to maximally utilize a reflect- 
ing light within the light conducting plate with a reflecting 
plate or the like in the "edge lighting" method, the "under 
lighting" method must have a shading plate into which 
a part of light is absorbed. 

The linear light source 4 may be selected from 
among various types including a fluorescent tube, a 
tungsten incandescent tube, an optical rod and an array 
of LEDs, and a fluorescent tube is preferred. From the 
viewpoint of power saving, it is preferred that the length 
of the portion capable of uniform light emission except 
the electrode portion is substantially equal to the length 
of the end portion of the light conducting plate in prox- 
imity to that emitting portion. 

The specular or light diffusing/reflecting plate (indi- 
cated by 3 in Figs. 3(b) and 4(b)) is provided in such 
away as to cover substantially all part of the face of the 
light conducting plate that has been provided with light 
diffusing capability. If desired, the same plate may be 
provided in such a way as to additionally cover almost 
all part of the other end face portion of the light conduct- 
ing plate which is not in proximity to the linear light 
source, and this is preferred from the viewpoints of effi- 
cient utilization of light and the accomplishment of uni- 
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form areal light emission. In this case, the layer of a ma- 
terial such as air that has a lower refractive index than 
the material of which the light conducting plate is made 
may be provided between the light conducting plate and 
the reflecting plate in a thickness of at least equal to that 
of a monolayer of air, preferably no more than 2 mm, 
and this is preferred for the purpose of enhancing the 
efficiency of light utilization. 

Shown by 7 is a sheet made of a light-transmissive 
material (which is hereunder referred to simply as 
"sheet") serving as light directivity enhancing means. It 
has a multiple of parallel straight ridgelines or pyramidal 
or conical projections that are formed at minute intervals 
on the same side. The sheet is provided in such a way 
that the sides intersecting at the ridgelines or the pro- 
jections face outward (toward the side opposite the side 
facing the light conducting plate). The sheet changes 
the directivity of the light issuing from the exit face of the 
backlighting device in such a way that the directivity in 
directions close to a line dropped perpendicular to the 
exit face is enhanced. When using a sheet having the 
straight ridgelines described above, it may be provided 
in such a way that it is parallel or perpendicular to the 
central axis of the linear light source. In a more preferred 
embodiment, the sheet is provided in such a way when 
the backlighting device of interest is assembled in a dis- 
play unit, in particular a liquid-crystal display unit, the 
straight ridgelines described above will lie parallel to the 
lateral direction of the level of vision and this layout is 
preferred in view of the visual contrast characteristics of 
the system. 

In the present invention, one or more of the sheets 
under discussion are used; if desired, the light diffusing 
plate (indicated by 2 in Figs. 3(b) and 4(b)) may be pro- 
vided in order to make undiscernible the dotted pattern 
of light diffusing function, say, the light diffusing material 
(indicated by 6 and serving as light diffusing capability), 
which is imparted to the surface of the light conducting 
plate. With this arrangement, the relative increase in lu- 
minance as measured in the direction of a normal to the 
surface of the light conducting plate will be almost same. 
If the light diffusing plate is provided outside the sheet, 
the relative increase in luminance as measured in the 
normal direction will decrease a little to reduce the di- 
rectivity of light; however, this arrangement offers the 
advantage that when the backlighting device of interest 
is used with a liquid-crystal display unit the develop- 
ment of a moire pattern is inhibited. 

If the sheet is to be placed direct on the surface of 
the light conducting plate, the two members are prefer- 
ably in such a state that they are not in optical with con- 
tact each other. To meet this requirement, a member 
serving as a spacer may be provide between the sheet 
and the light conducting plate and an example of such 
a spacer member is the layer of a material, such as air, 
that has a lower refractive index than the material of 
which the light conducting plate is made; if this layer is 
provided in a thickness of at least equal to that of a mon- 



olayer of that low-index material, preferably no more 
than 2 mm, the formation of bright spots on the light emit- 
ting surface is sufficiently inhibited to provide a uniform 
luminance distribution. 

s As already mentioned, the first aspect of the present 
invention is characterized in that a sheet that is made of 
a light-transmissive material and which has a configu- 
ration that satisfies the certain specified condition is pro- 
vided on the exit face of the backlighting device. 

10 Said specified condition to be satisfied by the 
present invention is further elaborated below. The sheet 
described above (indicated by 7) is in no way limited as 
long as it is made of a light-transmissive material and 
examples include polyesters such as polymethacrylate 

is esters, polycarbonates, polyvinyl, polyamides and pol- 
yethylene terephthalate (PET), poly-a-olefins, cellulosic 
resins and glass. The sheet may be made of the same 
material as the raised structures or pyramidal or conical 
projections. Alternatively, the raised structures or py- 

20 ramidal or conical projections may be formed on a base 
film from dissimilar materials such as a uv curable resin. 

An example of the sheet that can be used in the first 
aspect of the present invention is one having raised 
structures that are provided on the exit face of the light 

25 conducting plate and which have parallel straight ridge- 
lines. As shown in Fig. 5(a), the raised structures are 
shaped like "prisms" having optical planes; the ridge- 
lines (indicated by 8 in Fig. 5(a)) on which two optical 
planes intersect each other are straight and a multiple 

30 of lineal prisms that are parallel to one another are 
present in the same plane at minute intervals (indicated 
by P in Fig. 5(a)). Those ridgelines which are formed on 
the sheet have portions of such a shape that the vertical 
angles are substantially the same and this means that 

35 when the prisms are cut through the vertex under the 
same conditions, their vertical angles are essentially the 
same. 

For the purposes of the present invention, each of 
the vertical angles of the ridgelines on the sheet (as in- 

40 dicated by 9 in Fig. 5(a)) is preferably in the range of 70 
to 1 50 degrees. The more preferred range of vertical an- 
gles is dependent on the refractive index of the material 
of the sheet to be used and on the luminous intensity 
distribution characteristics of the flat light emitter to be 

45 used. Consider, for example, the case where a material 
having high refractive index (i.e., polycarbonate; 
n=1 .59) is used; in this case, the vertical angle of interest 
is preferably in the range of 90 to 110 degrees and if it 
exceeds 150 degrees, the effectiveness of the present 

50 invention is reduced; if the luminous intensity distribu- 
tion characteristics are such that the light emerging from 
the flat light emitter is substantially concentrated within 
the range of 45 degrees from the direction of a line 
dropped perpendicular to the exit face, the vertical angle 

55 of interest is preferably in the range of 90 to 140 de- 
grees. 

Across section of the raised structures on the sheet 
as taken in a direction perpendicular to the longitudinal 
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axis is triangular and for maximizing the effectiveness 
of the present invention, it is particularly preferred to use 
raised structures having a cross section that is substan- 
tially an isosceles triangle which is equal in the length 
of two sides intersecting at the vertex of each ridgeline. 
In order to insure that the distance between adjacent 
straight raised structures formed on the sheet are diffi- 
cult to discern under the light emitted from their surface, 
the distance between the ridgelines of adjacent parallel 
structures is preferably 10 to 100 um The thickness of 
that part of the sheet which is occupied by the raised 
structures (as denoted by t2 in Fig. 5(a)) is determined 
by the vertical angle of ridgelines and by the distance 
between adjacent ridgelines. It is at least necessary to 
provide a certain thickness for maintaining a number of 
raised structures at minute intervals and parallel to one 
another; this thickness denoted by t1 is preferably as 
small as possible in order to insure high transmittance 
of light rays and to realize a thin backlighting device. 
However, from the viewpoint of workmanship in the 
manufacture of sheets and in order to insure adequate 
strength, the total thickness (T) of the sheet is typically 
10 to 3000 \im, preferably 50 to 1000 urn To achieve 
better results in the present invention, the raised struc- 
tures to be formed on the same side are preferably 
shaped identically. 

Another example of the sheet that can be used in 
the first aspect of the present invention is one having 
projections that are to be provided on the exit face of the 
light conducting plate and which are shaped like 
"prisms" having at least two optical planes. The projec- 
tions are either in the form of pyramids such as a trian- 
gular prism and a quadrangular prism or in a conical 
form as shown in Fig. 5 (b)(c). The projections to be 
formed on the sheet have portions of such a shape that 
their vertical angles are substantially the same and this 
means that the vertical angles of vertex-including cross 
sections that are obtained under the same conditions 
are substantially the same. The expression "having por- 
tions of such a shape that the vertical angle are substan- 
tially the same" as used hereinabove should be taken 
broadly and allows for the case where pyramids of dif- 
ferent kinds (n > 3; n is the number of sides forming a 
polygonal base) or cones are present in combination; 
even in that case, the conditions of the present invention 
are satisfied if the kind and number of pyramids (n > 3) 
or cones present in any area (e.g. a circle of 30 mm*) 
of the projecting side of the sheet are nearly equal to the 
kind and number of pyramids (n > 3) or cones present 
in another area. For better effectiveness, it is preferred 
to use projections of identical shape and vertical angle. 
To further enhance the effectiveness of the present in- 
vention, it is particularly preferred to bring the surfaces 
of projections, within the limits of manufacturing toler- 
ances, to optical planes (if the projections are pyramidal) 
and to optical curved su rfaces (if the projections are con- 
ical); this means the asperities on the surfaces of pro- 
jections should be made smaller than the operating 



wavelength of light within the limits of tolerances. 

For the vertical angle of projections on the sheet, 
the distance between the vertices of adjacent projec- 
tions, the thickness of the projecting part of the sheet 

5 and other design parameters ; see the discussion al- 
ready made concerning the straight raised structures. 

The method of shaping the sheets to be used in the 
present invention is in no way limited and various meth- 
ods can be adopted, including molding with a hot press, 

10 embossing, casting, UV curring and chemical treatment. 
Because of process limits in the manufacture of sheets, 
a certain degree of sag will occur in the ridgelines but it 
is acceptable as long as it is within the range where the 
effectiveness of the present invention is insured. 

is A liquid-crystal display presents a lower contrast as 
the angle the line of vision forms with a line dropped 
perpendicular to the screen increases; therefore, the lu- 
minance as measured in directions close to the normal 
line defined above is held important in practical applica- 

20 tions. This is all the more important for a viewfinder 
which is only looked at in directions parallel to the line 
normal to the image plane. 

In the present invention a sheet having a number 
of parallel structures as arranged at minute intervals on 

25 the side where outgoing light rays emerge is provided 
on the exit face of the backlighting device as already 
described above and this creates directivity of light. The 
improved light directivity is apparent from the following 
typical phenomena: first, the luminance of light issuing 

30 from the exit face as measured in a direction substan- 
tially parallel to a line dropped perpendicular to that exit 
face is higher than in the case where none of the sheets 
described above are provided; second, the luminance 
as measured in a direction at an angle of, say, 40 de- 

35 grees with a line dropped perpendicular to the exit face 
is significantly lower than the value as measured in a 
direction substantially parallel to that normal line (in a 
typical case, the drop is almost 50% of the reference 
value). 

40 According to the other aspect of the present inven- 
tion, there is provided a backlighting device using a light 
conducting plate that has such a light diffusing capability 
as to provide a substantially constant haze value over 
the plate surface, which is covered with a reflecting plate 

45 or film. 

The expression "having a substantially constant 
haze value" means that the light conducting plate has a 
substantially constant haze value over almost all sur- 
face of the plate and it does not contemplate an embod- 

50 iment in which the haze value is intentially changed as 
by varying the light diffusing capability of the plate sur- 
face with the distance from the light source (see the de- 
scription of the first aspect of the invention). Therefore, 
unintentional variations in haze value that will occur 

55 when imparting the light diffusing capability are taken to 
be included within the scope of "being substantially con- 
stant" for the purposes of the present invention. 

In a preferred embodiment, the haze value to be ex- 
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hibited by the light conducting plate ranges from 0.5 to 
50%. The effectiveness of the present invention will de- 
crease if the haze value is outside this range. The term 
"haze value" as used herein means the value that is ob- 
tained by measuring on a major surface of the light con- 
ducting plate in accordance with JIS K 7105. 

If one major surface of the light conducting plate is 
rendered to satisfy the haze condition set forth above, 
light incident at an end portion of the plate will not im- 
mediately emerge from the exit face but will instead un- 
dergo repeated internal reflection within the plate; in ad- 
dition, light emerging from the conducting plate at the 
surfaces other than the exit face is returned to the inte- 
rior of the plate by means of the reflecting plate which 
covers those surface other than the exit face of the con- 
ducting plate. As a result, the light incident at an end 
portion of the conducting plate is confined within the 
plate for a sufficient period to become uniform, thereby 
contributing to the manufacture of a backlighting device 
that features a uniform luminance distribution. 

The backlighting device of the present invention is 
fairly compact, provides satisfactory luminance and can 
be operated with a high efficiency of power to luminance 
conversion in a direction parallel to a line dropped per- 
pendicular to the exit face. 

Comparative examples and working examples of 
the present invention are described below in order to 
further illustrate the present invention. A rectangular 
light conducting plate (225 mm X 127 mm; made of 
polymethyl methacrylate PMMA) having a thickness of 
2 mm (see Fig. 3) was provided. A cold-cathode fluo- 
rescent tube (a normal tube of Harrison Denki K.K.) with 
a diameter of 4.8 mm was positioned in proximity to one 
of its shorter sides. The fluorescent tube was enclosed 
with a cylindrical aluminum reflector that was laminated 
with a lining of light diffusing film and which had a slit 2 
mm wide in contact with the light conducting plate in 
such a way that light emerging through the slit would be 
admitted into the plate from one shorter side. A light dif- 
fusing material (a paint containing titanium white) was 
applied over the surface of the light conducting plate by 
screen-printing a pattern of circular dots on a pitch of 
1 .2 mm in such a way that the coverage with the light 
diffusing material would be 6% at the point for a mini- 
mum value (on the side facing the cold-cathode fluores- 
cent tube) and 80% at the point for a maximum value, 
with the coverage being gradually increased in the in- 
termediate area. 

A light diffusing film (0.1 mm thick; D-204 of Tsuji- 
moto Denki Seisakusho) was provided in the exit face 
of the light conducting plate. All surface of the light con- 
ducting plate except the entrance and exit faces were 
covered with another light diffusing film (125 ujti thick; 
diffusion reflectance = 83%; product of I CI Limited). 

The areal luminance as produced when the cold- 
cathode tube was driven at a constant current with an 
alternating voltage (30 kHz) being applied from an in- 
verter was measured with a luminance meter (Topcon 



BM-7) at a view angle of 2 degrees in a direction parallel 
to a line dropped perpendicular to the exit face, with the 
distance from the exit face tothe luminance meter being 
40 cm; the result was 192 cd/m 2 (Comparative Example 
5 1). 

A backlighting device was constructed and operat- 
ed as in Comparative Example 1 except that a commer- 
cial polycarbonate sheet 360 urn thick that had a multi- 
ple of parallel linear prisms having a vertical angle of 90 
degrees and which was worked to have a distance of 
360 |um between adjacent ridgelines on linear prisms 
was provided on the exit face of the light diffusing film 
in such a way that the prisms would face outward. The 
luminance as measured on this backlighting device as 
in Comparative Example 1 was 307 cd/m 2 (Example 1). 

A backlighting device was constructed and operat- 
ed as in Example 1 except that the polycarbonate sheet 
was provided in the exit face of the light diffusing film in 
such a way that the prisms would face inward. The lu- 
minance as measured on this backlighting device as in 
Example 1 was 15 cd/m 2 (Comparative Example 2). An- 
other backlighting device was constructed and operated 
as in Example 1 except that the vertical angle of linear 
prisms was changed to 70 degrees. The luminance as 
measured on this backlighting device as in Example 1 
was 245 cd/m 2 (Example 2). Yet another backlighting 
device was constructed and operated as in Example 1 
except that the vertical angle of linear prisms was 
changed to 100 degrees. The luminance as measured 
on this backlighting device as in Example 1 was 330 cd/ 
m 2 (Example 3). 

A backlighting device was constructed and operat- 
ed as in Comparative Example 1 except that a sheet 
comprising a 50-|wn thick PET base film that had a mul- 
tiple of linear projections formed on it from a uv curable 
resin (acrylic resin) by printing was provided on the exit 
face of the light diffusing film in such a way that the linear 
projections would face outward; the base of each pro- 
jection had a diameter of 50 jam and the height of each 
projection as measured from its base to top was 25 ujti, 
with the distance between adjacent projections being 50 
jLim. The luminance measured on this backlighting de- 
vice as in Comparative Example 1 was 235 cd/m 2 (Ex- 
ample 4). 

Another backlighting device was constructed and 
operated as in Comparative Example 1 except that a 
sheet having a total thickness of 400 ujti that was 
worked to have a multiple of projections in the from of a 
quadrangular prism having a vertical angle of 90 de- 
grees in such a way that the distance between adjacent 
vertices of projections would be 400 ujti was provided 
on the exit face of the flat light emitter in such a way that 
the projections would face outward. The luminance as 
measured on this backlighting device as in Comparative 
Example 1 was 322 cd/m 2 (Example 5). Yet another 
backlighting device was constructed and operated as in 
Example 5 except that the sheet was provided on the 
exit face of the flat light emitter in such a way that the 
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projections would face inward. The luminance as meas- 
ured on this backlighting device as in Example 5 was 23 
cd/m 2 (Comparative Example 3). As is clear from these 
results, the first aspect of the present invention is char- 
acterized in that a sheet that is made of a light-transmis- 
sive material and on which a multiple of structures hav- 
ing portions of such a shape that the vertical angles are 
substantially the same are formed on the same side at 
minute intervals is provided on the exit face of a flat light 
emitter in such a way that the projecting side will face 
outward, and the effectiveness of the present invention 
is not exhibited if the sheet is provided on the exit face 
of the flat light emitter in such a way that the projecting 
side will face inward. 

Two additional backlighting devices were construct- 
ed and operated as in Example 5 except that the vertical 
angle of each projection was changed to 70 degrees 
(Example 6) and 120 degrees (Example 7). The results 
of luminance measurement that was conducted on 
those devices as in Example 5 were 263 cd/m 2 and 359 
cd/m 2 , respectively. Another backlighting devices was 
constructed and operated as in Example 5 except that 
a multiple of convex lenses were formed of a uv curable 
resin by printing on a 50-ujti thick PET base film in such 
a way that the base of each convex was 50 ujti and the 
height of each projection as measured from its base to 
top was 25 u.m, with the distance between adjacent pro- 
jections being 50 urn The luminance as measured on 
this backlighting device as in Example 5 was 258 cd/m 2 
(Example 8). 

To investigate the luminous intensity distribution 
characteristics of various samples of backlighting de- 
vice, areal luminance as produced when the cold-cath- 
ode tube was driven at a constant current with an alter- 
nating voltage (30 kHz) being applied from an inverter 
was measured by the experimental layout shown in Fig. 
6 using a luminance meter (indicated by 1 0; Topcon BM- 
7) at a view angle of 2 degrees, with the distance from 
the exit face to the luminance meter being 40 cm while 
the angle (indicated by 11 ) the luminance meter formed 
with a line (indicated by 12) dropped perpendicular to 
the exit face was varied from 0 to 70 degrees in a direc- 
tion perpendicular to the ridgelines of the linear projec- 
tions formed on the sheet. The results of the measure- 
ment are shown in Figs. 7 and 8, from which one can 
see that when the backlighting device of the present in- 
vention were used, the luminance was increased to 
achieve a marked improvement in the directivity of light. 

Another experiment was conducted in the following 
manner. A cold-cathode fluorescent tube (a normal tube 
of Harrison Denki K.K.) with a diameter of 4.1 mm was 
positioned in proximity to both of the longer sides of a 
rectangular light conducting plate (made of PMMA 
measuring 255 mm X 157 mm) having a thickness of 
8.0 mm. The fluorescent tube was enclosed with a silver 
(Ag) film having a slit 8 mm wide in contact with the light 
conducting plate in such a way that light emerging 
through the slit would be admitted into the plate from 



both longer sides. A light diffusing material (a titanium 
white containing paint) was applied over the surface of 
the light conducting plate by screen-printing a pattern of 
circular dots on a pitch of 1 .0 mm in such a way that the 

5 coverage with the light diffusing material would be 40% 
at the point for a minimum value (on either side facing 
the cold-cathode fluorescent tube) and 98% at the point 
for a maximum value, with the coverage being gradually 
increased in the intermediate area. The surfaces of the 

10 light conducting plate other than the exit face were cov- 
ered with a light diffusing/reflecting plate. 

A light diffusing film (0.1 mm thick; D-204 of Tsuji- 
moto Denki Seisakusho) was provided on the exit face 
of the light conducting plate. The areal luminance as 

15 produced when the cold-cathode tube was driven at a 
constant current with an alternating voltage (30 kHz) be- 
ing applied from an inverter was measured with a lumi- 
nance meter (Topcon BM-7) at a view angle of 2 degrees 
in a direction parallel to a line dropped perpendicular to 

20 the exit face, with the distance from the exit face to the 
luminance meter being 40 cm; the result was 1700 cd/ 
m 2 (Comparative Example 4). 

An additional backlighting device was constructed 
and operated as in Comparative Example 4 except that 

25 a commercial polycarbonate sheet 360 ujti thick that 
had a multiple of parallel linear prisms having a vertical 
angle of 90 degrees and which was worked to have a 
distance of 360 ujti between adjacent ridgelines on lin- 
ear prisms was provided on the exit face of the light dif- 

30 fusing film in such a way that the prisms would face out- 
ward. The luminance as measured on this backlighting 
device as in Comparative Example 4 was 2970 cd/m 2 
(Example 9). 

Still another experiment was conducted in the fol- 

35 lowing manner. A cold-cathode fluorescent tube (a nor- 
mal tube of Harrison Denki K.K.) with a diameter of 4.1 
mm was positioned in proximity to both of the longer 
sides of a rectangular light conducting plate (87 mm X 
75 mm) having a thickness of 3.0 mm. The fluorescent 

40 tube was enclosed with a silver (Ag) film having a slit 3 
mm wide in contact with the light conducting plate in 
such a way that light emerging through the slit would be 
admitted into the plate from both longer sides. A light 
diffusing material (a titanium white containing paint) was 

45 applied over the surface of the light conducting plate by 
screen-printing a pattern of circular dots on a pitch of 
1 .0 mm in such a way that the coverage with the light 
diffusing material would be 20% at the point for a mini- 
mum value (on either side facing the cold-cathode fluo- 

50 rescenttube) and 98% at the point for a maximum value, 
with the coverage being gradually increased in the in- 
termediate area. The surfaces of the light conducting 
plate other than the exit face were covered with a light 
diffusing/reflecting plate. 

55 A light diffusing film (0.1 mm thick; D-204 of Tsuji- 
moto Denki Seisakusho) was provided on the exit face 
of the light conducting plate. The areal luminance as 
produced when the cold-cathode tube was driven at a 
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constant current with an alternating voltage (30 kHz) be- 
ing applied from an inverter was measured with a lumi- 
nance meter (Topcon BM-7) at a view angle of 2 degrees 
in a direction parallel to a line dropped perpendicular to 
the exit face, with the distance from the exit face to the 
luminance meter being 40 cm; the result was 3840 cd/ 
m 2 (Comparative Example 5). 

An additional backlighting device was constructed 
and operated as in Comparative Example 5 except that 
a commercial polycarbonate sheet 360 ujti thick that 
had a multiple of parallel linear prisms having a vertical 
angle of 90 degrees and which was worked to have a 
distance of 360 \irn between adjacent ridgelines on lin- 
ear prisms was provided on the exit face of the light dif- 
fusing film in such a way that the prisms would face out- 
ward. The luminance as measured on this backlighting 
device as in Comparative Example 5 was 5830 cd/m 2 
(Example 10). Another backlighting device was con- 
structed and operated as in Example 1 0 except that the 
vertical angle of linear prisms was changed to 70 de- 
grees. The luminance as measured on this backlighting 
device as in Example 1 0 was 5236 cd/m 2 (Example 11). 

When part of the light emerging from the flat light 
emitter undergoes total reflection within the prisms on 
the sheet before it is returned to the flat light emitter, the 
efficiency of the backlighting device is improved as the 
greater part of the surfaces of the flat light emitter other 
than the exit face is covered with a reflecting plate hav- 
ing high reflectance. To verify this effect, the following 
experiments were conducted. First, a backlighting de- 
vice was constructed and operated as in Comparative 
Example 5 except that the reflecting plates covering the 
three non-exit faces of the light conducting plate were 
coated with a black paint. The luminance as measured 
on this backlighting device as in comparative Example 
5 was 1690 cd/m 2 (Comparative Example 6). Another 
backlighting device was constructed and operated as in 
Comparative Example 6 except that a commercial poly- 
carbonate sheet 360 jam thick that had a multiple of par- 
allel linear prisms having a vertical angle of 90 degrees 
and which was worked to have a distance of 360 jam 
between adjacent ridgelines on linear prisms was pro- 
vided on the exit face of the light diffusing film in such a 
way that the prisms would face outward. The luminance 
as measured on this backlighting device as in Compar- 
ative Example 6 was 21 56 cd/m 2 (Example 1 2). Still an- 
other backlighting device was constructed and operated 
as in Example 1 2 except that the vertical angle of linear 
prisms was changed to degrees. The luminance as 
measured on this backlighting device as in Example 12 
was 2035 cd/m 2 (Example 13). 

Another series of experiments were conducted as 
in Comparative Example 1 except that the coverage of 
the light conducting plate with the circular dot pattern 
was held constant at 6% over the entire surface of the 
plate. The term "coverage" as used herein means the 
proportion of light diffusing elements that were formed 
per unit area of the light conducting plate. The light dif- 



fusing capability of those element on the light conductor 
as measured in terms of "haze value" in accordance with 
JIS K7105 was 1.4%. 

A light diffusing film (0.1 mm thick; D-204 of Tsuji- 

s moto Denki seisakusho) was provided on the exit face 
of the light conducting plate. All surfaces of the light con- 
ducting plate except the entrance and exit faces were 
covered with a light diffusing/reflecting film plate (1 25ujti 
thick; product of ICI Limited). 

10 The areal luminance as produced when the cold- 
cathode tube was driven at a constant current with an 
alternating voltage (30 kHz) being applied from an in- 
verter was measured with a luminance meter (Topcon 
BM-8) and the result is shown by curve a in Fig. 9 (Ex- 

15 ample 14). A luminance measurement was conducted 
under the same conditions except that the coverage with 
the light diffusing material was held constant at 7% and 
the result is shown by curve b in Fig. 9 (Example 15). 
The light diffusing capability of the light diffusing ele- 

20 ments on the light conductor as measured in terms of 
haze value in accordance with JIS K 7105 was 1 .5%. A 
luminance measurement was conducted under the 
same conditions except that the coverage with the light 
diffusing material was held constant at 9% and the result 

25 is shown by curve c in Fig. 9 (Example 16). The haze 
value was 1.9%. 

A luminance measurement was conducted under 
the same conditions except that the coverage with the 
light diffusing material was held constant at 11% and the 

30 result is shown by curve d in Fig. 9 (Example 17). The 
haze value was 2.4%. Curves a to d show that the back- 
lighting devices constructed in accordance with the 
present invention achieved a uniform luminance distri- 
bution. 

35 A luminance measurement was conducted under 
the same conditions except that the coverage with the 
light diffusing material was held constant at 100% and 
the result is shown by curve e in Fig. 9 (Comparative 
Example 7). The haze value was 91%. Curve e shows 

40 that the backlighting device of Comparative Example 7 
produced a very uneven luminance distribution. 

A luminance measurement was also conducted un- 
der the same conditions except that no coating of light 
diffusing material was applied (0% coverage) and the 

45 result is shown by curve f in Fig. 9 (Comparative Exam- 
ple 8). The haze value was 0.3%. Curve f shows that 
the backlighting device of Comparative Example 8 pro- 
duced very low luminance levels. 

A rectangular light conducting plate (made of PM- 

50 MA measuring 235 mm X 1 60 mm) having a thickness 
of 3 mm was provided. A cold-cathode tube (a 4.8-mm < t' 
normal tube of Harrison Denki K.K.) with a diameter of 
4.8 mm that was 7 mm longer than the shorter side of 
the plate was positioned in proximity to both of its shorter 

55 sides. The cold-cathode tube was enclosed with a tubu- 
lar light reflector that was laminated with a lining of light 
diffusing sheet and which had a slit 3 mm wide in such 
a way that light emerging through the slit would be ad- 
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mitted into the plate from both shorter sides. 

A light diffusing material was applied over the sur- 
face of the light conducting plate by screen-printing a 
pattern of circular dots on a pitch of 1 .2 mm. A screen- 
image carrier was prepared by CAD in such a way that 
the coverage with the light diffusing material would be 
held constant at 16% (the haze value was 3.4%). 

A light diffusing film (0.1 mm D-204 of Tsujimoto 
Denki Seisakusho) was provided on the exit face of the 
light conducting plate. All surfaces of the light conduct- 
ing plate except the entrance and exit faces were cov- 
ered with a light diffusing/reflecting film plate (125u.m 
thicks; produced of ICI Limited). 

The areal luminance as produced when the cold- 
cathode tube was driven at a constant current with an 
alternating voltage (30 kHz) being applied from an in- 
verter was measured with a luminance meter (Topcon 
BM-8) and the result is shown by curve a in Fig. 10 (Ex- 
ample 18). 

A rectangular light conducting plate (86 mm X 65 
mm) having a thickness of 3 mm was provided. A cold- 
cathode tube (a 4.8-mm < t> normal tube of Harrison Denki 
K.K.) with a diameter of 4.1 mm that was 12 mm longer 
than the longer side of the plate was positioned in prox- 
imity to both of its longer sides. The cold-cathode tube 
was enclosed with a tubular light reflector that was lined 
with a silver evaporated film and which had a slit 3 mm 
wide in such a way that light emerging through the slit 
would be admitted into the plate from both longer sides. 

A light diffusing material was applied over the sur- 
face of the light conducting plate by screen-printing a 
pattern of circular dots on a pith of 1.0 mm. A screen- 
image carrier was prepared by CAD in such a way that 
the coverage with the light diffusing material would be 
held constant at 32% (the haze value was 45%). 

A light diffusing film (0.1 mm; D-204 of Tsujimoto 
Denki Seisakusho) was provided on the exit face of the 
light conducting plate. All surfaces of the light conduct- 
ing plate except the entrance and exit faces were cov- 
ered with a light diffusing/reflecting film plate (1 25 thicks; 
product of ICI Limited) of Tsujimoto Denki Seisakusho). 

The areal luminance as produced when the cold- 
cathode tube was driven at a constant current with an 
alternating voltage (30 kHz) being applied from an in- 
verter was measured with a luminance meter (Topcon 
BM-8) and the result is shown by curve a in Fig. 1 1 (Ex- 
ample 19). 

A luminance measurement was conducted under 
the same conditions except that the coverage with the 
light diffusing material was held constant at 40% and the 
result is shown by curve b in Fig. 11 (Comparative Ex- 
ample 9). The haze value was 56%. One can see from 
curve b that the backlighting device of Comparative Ex- 
ample 9 produced a very uneven luminance distribution. 

While the present invention has been described 
above with respect to a single preferred embodiment 
thereof, it should of course be understood that the 
present invention should not be limited only to this em- 



bodiment but various change or modification may be 
made without departure from the scope of the present 
invention as defined by the appended claims. 

5 

Claims 

1. A backlighting device for use with display panels, 
comprising: 

10 

a light conducting plate (1) made of a light- 
transmissive material, one of major faces of 
said light conducting plate (1) being provided 
with a light diffusing capability (6) and covered 
is with a specular or light diffusing /reflecting plate 

(3); and 

a linear light source (4) provided in proximity to 
an end portion of at least one side of said light 
conducting plate (1 ), characterized by: 
20 light directivity enhancing means (7) provided 

on the side of a light exit face of said light con- 
ducting plate (1), for enhancing a directivity of 
diffused light in a direction perpendicular to the 
light exit face or in a direction close thereto, said 
25 means (7) being made of a light transmissive 

material and comprising at least one sheet hav- 
ing straight ridgelines (8) forming ridge-like pro- 
jections at minute intervals on the same side in 
such a manner that said ridgelines (8) are sub- 
30 stantially parallel to one another and said pro- 

jections face outward. 

2. A backlighting device for use with display panels, 
comprising: 

35 

a light conducting plate (1) made of a light- 
transmissive material, one of major faces of 
said light conducting plate (1) being provided 
with a light diffusing capability (6) and covered 
40 with a specular or light diffusing/ reflecting plate 

(3); and 

a linear light source (4) provided in proximity to 
an end portion of at least one side of said light 
conducting plate (1 ), characterized by: 

45 light directivity enhancing means (7) provided 

on the side of a light exit face of said light con- 
ducting plate (1), for enhancing a directivity of 
diffused light in a direction perpendicular to the 
light exit face or in a direction close thereto, said 

50 means (7) being made of a light transmissive 

material and comprising at least one sheet hav- 
ing a multitude of pyramidal or conical projec- 
tions at minute intervals on the same side, said 
projections facing outward and having substan- 

55 tially the same vertical angle. 

3. A backlighting device for use with display panels, 
comprising: 
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a light conducting plate (1) made of a light- 
transmissive material; and 
a linear light source (4) provided in proximity to 
an end portion of at least one side of said light 
conducting plate, characterized in that said s 
light conducting plate (1) has a light diffusing 
capability that produces a substantially con- 
stant haze value on the plate surface which val- 
ue is in a range of 0.5 to 50% as measured ac- 
cording to JIS K 7105 ; and all surfaces of said 10 
light conductive plate except a light exit face 
and said end portion of said at least one side 
are covered with a light reflecting plate of film. 

4. A backlighting device according to claim 1 , wherein 15 
said means (7) is provided on a light diffusing plate 

(2), covering the light exit face of said light conduct- 
ing plate (1). 

5. A backlighting device according to claim 2, wherein 20 
said means (7) is provided on a light diffusing plate 

(2), covering the light exit face of said light conduct- 
ing plate (1). 

6. A backlighting device according to claim 1 or 4, 25 
wherein each of said ridge-like projections has such 

a shape that a section taken perpendicular to its lon- 
gitudinal axis assumes a triangular form. 

7. A back lighting device according to any one of 30 
claims 1,2,4 and 5, wherein said projections have 
vertical angles of 70 to 150 degrees. 

8. A backlighting device according to any one of 
claims 1 , 2, 4 and 5, wherein the distance between 35 
the vertices of adjacent projections is 10 to 1000 
jLim. 

9. A backlighting device according to any one of 
claims 1, 2, 4 and 5, wherein said sheet and said 40 
projections are formed of dissimilar materials. 

10. A backlighting device according to claim 9, wherein 
the dissimilar materials are curable by application 

of energy. 45 

11. A backlighting device according to claim 1 0, where- 
in the dissimilar materials are ultraviolet curable 
resins. 

50 

12. A backlighting device according to claim 1 or 2, 
wherein an air layer is interposed between the sur- 
face of the light conducting plate (1 ) and said means 

(7). 

55 

13. A backlighting device according to claim 1 , 2, 4 and 
5, wherein all surfaces of said light conducting plate 
(1) are covered with a light reflecting plate or film 



(3) except at least the end portion of the side which 
is in proximity to said linear light source (4) and the 
light exit face. 



Patentanspruche 

1. Vorrichtung zur ruckseitigen Beleuchtung zur Ver- 
wendung mit Anzeigetafeln, welche aufweist: 

eine Lichtleitplatte (1), hergestellt aus einem 
lichtdurchlassigen Material, wobei eine der 
Hauptflachen der Lichtleitplatte (1) mit einem 
Lichtstreuvermogen (6) ausgestattet ist und mit 
einer spiegelnden Oder einer lichtstreuenden/ 
lichtreflektierenden Platte (3) bedeckt ist, und 
eine linienformige Lichtquelle (4), welche in der 
Nahe eines Endabschnitts mindestens einer 
Seite der Lichtleitplatte (1) angeordnet ist, 

gekennzeichnet durch: 

eine Lichtausrichtungs-Steigerungseinrichtung 
(7), welche auf der Seite einer Lichtaustrittsfla- 
che der Lichtleitplatte (1) angeordnet ist, um ei- 
ne Richtwirkung des gestreuten Lichts in eine 
Richtung senkrecht zu der Lichtaustrittsflache 
oder in eine Richtung nahe dazu zu erhohen, 
wobei die Lichtausrichtungs-Steigerungsein- 
richtung (7) aus einem lichtdurchlassigen Ma- 
terial hergestellt ist und mindestens eine Platte 
mit geraden Ruckenlinien (8) aufweist, welche 
ruckenartige Vorsprunge in winzigen Abstan- 
den auf derselben Seite in einer solchen Weise 
ausbilden, da(B die Ruckenlinien (8) im wesent- 
lichen parallel zueinander sind und die Vor- 
sprunge nach auBen gerichtet sind. 

2. Vorrichtung zur ruckseitigen Beleuchtung fur die 
Verwendung mit Anzeigetafeln, welche aufweist: 

eine Lichtleitplatte (1), hergestellt aus einem 
lichtdurchlassigen Material, wobei eine der 
Hauptflachen der Lichtleitplatte (1) mit einem 
Lichtstreuvermogen (6) ausgestattet ist und mit 
einer spiegelnden oder lichtstreuenden/lichtre- 
flektierenden Platte (3) bedeckt ist, und 
eine linienformige Lichtquelle (4), angeordnet 
in der Nahe eines Endabschnitts mindestens 
einer Seite der Lichtleitplatte (1), 

gekennzeichnet durch: 

eine Lichtausrichtungs-Steigerungseinrichtung 
(7), welche auf der Seite einer Lichtaustrittsfla- 
che der Lichtleitplatte (1) angeordnet ist, um ei- 
ne Richtwirkung des gestreuten Lichts in eine 
Richtung senkrecht zu der Lichtaustrittsflache 
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oder in eine Richtung nahe dazu zu steigern, 
wobei die Lichtausrichtungs-Steigerungsein- 
richtung (7) aus einem lichtdurchlassigen Ma- 
terial hergestellt ist und mindestens eine Platte 
aufweist, welche eine Vielzahl von pyramiden- s 
formigen oder kegelformigen Vorsprungen in 
winzigen Abstanden auf derselben Seite auf- 
weist, wobei die Vorsprunge nach auBen ge- 
richtet sind und im wesentlichen denselben 
Vertikalwinkel aufweisen. 10 

3. Vorrichtung zur ruckseitigen Beleuchtung fur die 
Verwendung mit Anzeigetafeln, welche aufweist: 

eine Lichtleitplatte (1), hergestellt aus einem 15 
lichtdurchlassigen Material, und 
eine linienformige Lichtquelle (4), angeordnet 
in der Nahe eines Endabschnitts mindestens 
einer Seite der Lichtleitplatte, 

20 

dadurch gekennzeichnet, dal3 die Lichtleit- 
platte (1) ein Lichtstreuvermogen aufweist, welches 
einen im wesentlichen gleichbleibenden Mattie- 
rungswert auf der Plattenoberflache erzeugt, wobei 
der Mattierungswert in einem Bereich von 0,5 bis 25 
50% ist, gemessen gemaB JIS K 7105, und alle 
Oberflachen der Lichtleitplatte, mit Ausnahme einer 
Lichtaustrittsflache und des Endabschnitts minde- 
stens einer Seite, mit einer lichtreflektierenden Fo- 
lienplatte bedeckt sind. 30 

4. Vorrichtung zur ruckseitigen Beleuchtung gemaB 
Anspruch 1, wobei die Lichtausrichtungs-Steige- 
rungseinrichtung (7) auf einer lichtstreuenden Plat- 
te (2) angeordnet ist, welche die Lichtaustrittsflache 35 
der Lichtleitplatte (1) bedeckt. 

5. Vorrichtung zur ruckseitigen Beleuchtung gemaB 
Anspruch 2, wobei die Lichtausrichtungs-Steige- 
rungseinrichtung (7) auf einer lichtstreuenden Plat- 40 
te (2) angeordnet ist, welche die Lichtaustrittsflache 
der Lichtleitplatte (1) bedeckt. 

6. Vorrichtung zur ruckseitigen Beleuchtung gemaB 
Anspruch 1 oder 4, wobei jeder der ruckenformigen 45 
Vorsprunge eine solche Form aufweist, daB ein 
Senkrechtschnitt zu dessen Langsachse eine Drei- 
eckform zeigt. 

7. Vorrichtung zur ruckseitigen Beleuchtung gemaB so 
einem der Anspruche 1 , 2, 4 und 5, wobei die Vor- 
sprunge Vertikalwinkel von 70 bis 1 50 Grad aufwei- 
sen. 

8. Vorrichtung zur ruckseitigen Beleuchtung gemaB 55 
einem der Anspruche 1 , 2, 4 und 5, wobei der Ab- 
stand zwischen den Scheiteln der benachbarten 
Vorsprunge 10 bis 1000 ujti betragt. 



9. Vorrichtung zur ruckseitigen Beleuchtung gemaB 
einem der Anspruche 1,2,4 und 5, wobei die Platte 
und die Vorsprunge aus unterschiedlichen Materia- 
lien erzeugt sind. 

10. Vorrichtung zur ruckseitigen Beleuchtung gemaB 
Anspruch 9, wobei die unterschiedlichen Materiali- 
en bei Einwirkung von Energie hartbar sind. 

11. Vorrichtung zur ruckseitigen Beleuchtung gemaB 
Anspruch 10, wobei die unterschiedlichen Materia- 
lien durch UV-Strahlung hartbare Harze sind. 

12. Vorrichtung zur ruckseitigen Beleuchtung gemaB 
Anspruch 1 oder 2, wobei eine Luftschicht zwischen 
der Oberflache der Lichtleitplatte (1) und der 
Lichtausrichtungs-Steigerungseinrichtung (7) an- 
geordnet ist. 

13. Vorrichtung zur ruckseitigen Beleuchtung gemaB 
Anspruch 1 , 2, 4 und 5, wobei alle Oberflachen der 
Lichtleitplatte (1) mit einer lichtreflektierenden Plat- 
te oder Folie (3) bedeckt sind, mit Ausnahme min- 
destens des Endabschnitts der Seite, welche in der 
Nahe der linienformigen Lichtquelle (4) und der 
Lichtaustrittsflache angeordnet ist. 



Revendications 

1 . Dispositif d'eclairage par I'arriere a utiliser avec des 
panneaux d'affichage, comprenant : 

une plaque conductrice de lumiere (1) faite 
d'une matiere transmettant la lumiere, une des 
faces principales de ladite plaque conductrice 
de lumiere (1) etant munie d'une capacite de 
diffusion de lumiere (6) et recouverte d'une pla- 
que de reflexion/diffusion de lumiere ou plaque 
speculaire (3) ; et 

une source de lumiere lineaire (4) disposee a 
proximite d'une partie d'extremite d'au moins 
un cote de ladite plaque conductrice de lumiere 
(1), caracterise par : 

des moyens d'amelioration de la directivite de 
la lumiere (7) disposes sur le cote d'une face 
de sortie de lumiere de ladite plaque conductri- 
ce de lumiere (1), pour ameliorer la directivite 
de la lumiere diffusee dans une direction per- 
pendiculaire a la face de sortie de lumiere ou 
dans une direction proche de cette derniere, 
lesdits moyens (7) etant faits d'une matiere 
transmettant la lumiere et comprenant au 
moins une feuille ayant des lignes nervurees 
droites (8) formant des parties en saillie sem- 
blables a des cretes a des intervalles minuscu- 
les sur le meme cote de sorte que lesdites li- 
gnes nervurees (8) sont sensiblement paralle- 
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les les unes aux autres et de sorte que lesdites 
parties en saillie font face vers I'exterieur. 

2. Dispositif d'eclairage par I'arriere a utiliser avec des 
panneaux d'affichage, comprenant : s 

une plaque conductrice de lumiere (1) faite 
d'une matieretransmettant la lumiere, une des 
faces principales de ladite plaque conductrice 
de lumiere (1) etant munie d'une capacite de 10 
diffusion de lumiere (6) et recouverte d'une pla- 
que de reflexion/diffusion de lumiere ou plaque 
speculaire (3) ; et 

une source de lumiere lineaire (4) disposee a 
proximite d'une partie d'extremite d'au moins 15 
un cote de ladite plaque conductrice de lumiere 
(1 ), caracterise par : 

des moyens d'amelioration de la directivite de 
la lumiere (7) disposes sur le cote d'une face 
de sortie de lumiere de ladite plaque conductri- 20 
ce de lumiere (1), pour ameliorer la directivite 
de la lumiere diffusee dans une direction per- 
pendiculaire a la face de sortie de lumiere ou 
dans une direction proche de cette derniere, 
lesdits moyens (7) etant faits d'une matiere 25 
transmettant la lumiere et comprenant au 
moins une f euille ayant une multitude de parties 
en saillie pyramidales ou coniques a des inter- 
valles minuscules sur le meme cote, lesdites 
parties en saillie faisant face vers I'exterieur et 30 
ayant sensiblement le meme angle vertical. 

3. Dispositif d'eclairage par I'arriere a utiliser avec des 
panneaux d'affichage, comprenant : 

35 

une plaque conductrice de lumiere (1) faite 
d'une matieretransmettant la lumiere ; et 
une source de lumiere lineaire (4) disposee a 
proximite d'une partie d'extremite d'au moins 
un cote de ladite plaque conductrice de lumie- 40 
re, caracterisee en ce que ladite plaque con- 
ductrice de lumiere (1) possede une capacite 
de diffusion de lumiere qui produit une valeur 
de voile sensiblement constante sur la surface 
de la plaque, laquelle valeur est comprise dans 45 
la plage de 0,5 a 50 % quand elle est mesuree 
selon JIS K 7105, et toutes les surfaces de la- 
dite plaque conductrice de lumiere, sauf une fa- 
ce de sortie de lumiere et ladite partie d'extre- 
mite dudit au moins un cote, sont recouvertes so 
d'une plaque ou film de reflexion de lumiere. 



5. Dispositif d'eclairage par I'arriere selon la revendi- 
cation 2, dans lequel lesdits moyens (7) sont dispo- 
ses sur une plaque de diffusion de lumiere (2), re- 
couvrant la face de sortie de lumiere de ladite pla- 
que conductrice de lumiere (1). 

6. Dispositif d'eclairage par I'arriere selon la revendi- 
cation 1 ou 4, dans lequel chacune desdites parties 
en saillie en forme de crete a une certaine forme de 
sorte qu'une section prise perpendiculairement a 
son axe longitudinal prenne une forme triangulaire. 

7. Dispositif d'eclairage par I'arriere selon I'une quel- 
conque des revendications 1 , 2, 4 et 5, dans lequel 
lesdites parties en saillie ont des angles verticaux 
de 70 a 150 degres. 

8. Dispositif d'eclairage par I'arriere selon I'une quel- 
conque des revendications 1 , 2, 4 et 5, dans lequel 
la distance entre les sommets des parties en saillie 
adjacentes est de 10 a 1 .000 um 

9. Dispositif d'eclairage par I'arriere selon I'une quel- 
conque des revendications 1 , 2, 4 et 5, dans lequel 
ladite f euille et lesdites parties en saillie sont for- 
mees a partir de matieres differentes. 

10. Dispositif d'eclairage par I'arriere selon la revendi- 
cation 9, dans lequel les matieres differentes peu- 
vent etre cuites par I'application d'une energie. 

11. Dispositif d'eclairage par I'arriere selon la revendi- 
cation 10, dans lequel les matieres differentes sont 
des resines pouvant etre cuites par un rayonne- 
ment ultraviolet. 

12. Dispositif d'eclairage par I'arriere selon la revendi- 
cation 1 ou 2, dans lequel une couche d'air est in- 
terposee entre la surface de la plaque conductrice 
de lumiere (1) et lesdits moyens (7). 

13. Dispositif d'eclairage par I'arriere selon la revendi- 
cation 1, 2, 4 et 5, dans lequel toutes les surfaces 
de ladite plaque conductrice de lumiere (1 ) sont re- 
couvertes d'une plaque ou film de reflexion de lu- 
miere (3), sauf au moins la partie d'extremite du co- 
te qui est a proximite de ladite source de lumiere 
lineaire (4) et la face de sortie de lumiere. 



4. Dispositif d'eclairage par I'arriere selon la revendi- 
cation 1 , dans lequel lesdits moyens (7) sont dispo- 
ses sur une plaque de diffusion de lumiere (2), re- 55 
couvrant la face de sortie de lumiere de ladite pla- 
que conductrice de lumiere (1). 
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FIG. 1(a) PRIOR ART 
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FIG. 2(b) PRIOR ART 
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FIG. 3(a) 




15 



EP 0 534 140 B1 



FIG. U(a) 
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FIG. 5(b) 




FIG. 5(c) 
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FIG 6 
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FIG. 10 

a : EX .18 



DISTANCE FROM LIGHT SOURCE 



FIG. 11 




a: EX.19 
b:C0MP.EX9 



DISTANCE FROM LIGHT SOURCE 



20 



